A Novel Method to Produce an Artificial Common Bile Duct Using Electrospinning Technique  by Moazeni, N. et al.
 Procedia Materials Science  11 ( 2015 )  166 – 170 
Available online at www.sciencedirect.com
2211-8128 © 2015 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of UFGNSM15
doi: 10.1016/j.mspro.2015.11.056 
ScienceDirect
5th International Biennial Conference on Ultrafine Grained and Nanostructured Materials, 
UFGNSM15 
A Novel Method to Produce an Artificial Common Bile Duct Using 
Electrospinning Technique 
N. Moazenia,*, D. Semnania, M. Latifib, M. Sadrjahanib 
aDepartment of Textile Engineering, Isfahan University of Technology, Isfahan, Iran  
bDepartment of Textile Engineering, Amirkabir University of Technology, Tehran, Iran. 
Abstract 
Reconstruction of the extrahepatic bile duct is one of the most common challenges for hepatobiliary surgeons to repair bile duct 
injury or defect. In this research, a novel method to produce an artificial common bile duct using electrospinning technique was 
introduced and the effect of polymer concentration on the compliance of produced prostheses is investigated.  In addition, the 
optimum conditions of polyurethane nanofibrous tubes to reach the compliance of native common bile duct are determined. The 
results show that the compliance of the samples increases gradually with an increase in polymer concentration. Therefore optimum 
artificial prosthesis which was manufactured under conditions of concentration 8% w/v, applied voltage 1.0 kV, feed rate 0.5 ml/h 
and a tip-to-collector distance 15 cm can be applied as bile duct tissue. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of UFGNSM15. 
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1. Introduction 
The common bile duct is a tube connecting the liver to the small intestine that a variety of diseases (tumor, cancer, 
inflammation and obstruction) can affect bile ducts, Cecil et al. (2012). So far many treatments (biological or artificial 
tissues) have been used but in some cases they suffer from compliance mismatch problems. Polyurethanes are a broad 
family of polymers that have been used in a large number of medical applications such as in medical prostheses, 
wound dressing, and tissue scaffolds. Electrospun elastomeric polyurethanes may represent an ideal class of materials 
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for soft tissues replacement which could provide consistent matching with the mechanical properties of native tissues,  
Detta et al. (2010). Therefore, electrospun polyurethane tube can be applied as artificial common bile duct promoting 
a way in hope of preventing compliance mismatch problems. The bile duct has been described as a passive conduit 
which can be considered as a pressure vessel without the ability to generate active forces by itself, Duch et al. (2004). 
Therefore the substitute of it has to exhibit significant mechanical properties to keep its physical and behavioral 
integrity as long as possible. One of the most important parameters in mechanical assessment is the compliance 
characteristic. The relation between the compliance and designed artificial grafts has been carried out from various 
aspects including materials, structure, and fabrication, Van der Lei et al. (1987), Hayashi et al. (1989), Sonoda et al. 
(2001), Inoguchi et al. (2006). However, the mechanical properties of nanofibers depend on the electrospinning 
parameters and processing conditions, Li et al. (2007), Stylianopoulos et al. (2008). A proper understanding of the 
relationship between these parameters and mechanical responses of a designed artificial graft will help to produce a 
graft with compliance similar to native one and it should be compliant enough to avoid mismatch in compliance 
properties of prosthetic and adjacent native. The purpose of this study was to manufacture artificial common bile duct 
made of the thermoplastic polyurethane by using the electrospinning technique. In this investigation the effect of 
diameter of samples on mechanical responses of compliant of electrospun Polyurethane tube was studied. 
2. Materials and Methods 
2.1. Materials 
 Electrospinning solutions were prepared by Elasthane 55D, an ether-based thermoplastic polyurethane, used for 
electrospinning. N, N-Dimethyl formamide was purchased from the Sigma-Aldrich and used as solvents for 
electrospinning. 
2.2.  Sample preparation   
Polymeric solutions were prepared by dissolving polyurethane in DMF to obtain concentrations of 6%-12% (w/v), 
followed by 12 h stirring at 40˚C. Each solution was loaded into a 1 ml syringe capped with a blunt tipped needle 
(internal diameter = 0.7 mm), connected to the positive terminal of a high voltage power supply (15 kV), and a rotating 
mandrel to collect fibers was placed at a distance of 18 cm from the needle tip to collect fibers. The flow rate was set 
on 0.5 ml/h using a programmable syringe pump. Artificial common bile duct created by using a mandrel with the 
same diameter of common bile duct that has a rotating movement as collector. Electrospun nanofibers were released 
from the mandrel and finally tubes produced with different concentrations (table 1) were prepared.  
Table 1. Electrospinning conditions and compliance value for Samples S1, S2, S3 and S4. 
Sample Concentration(%w/v) Voltage(kV) Distance(cm) Flow rate(ml/h) compliance 
S1 6 15 18 0.5 2.506214 
S2 8 15 18 0.5 1.462326 
S3 10 15 18 0.5 1.207814 
S4 12 15 18 0.5 0.68227 
2.3.  Compliance test 
Uniaxial testing system (Instron 5566) with a 50N load cell and an extension rate of 10 mm/min was used to 
measure the compliance of samples. Tensile tests of ring samples with 3 mm width (W) and certain diameter (2R0) 
were conducted after measuring the thickness (t) on the mentioned tensile apparatus with two stainless steel hooks 
subsequently fixed in its clamps for gripping the ring (fig 1). Duch et al. (2004) measured outer dimensions of the 
porcine common bile duct in pressure range of 0 to 5 kPa. Based on this research, Compliance measurements were 
calculated using the stress and strain data between 0 and 5 kPa (P1=0 kPa and P2=5 kPa). Corresponding stress values 
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for P1 and P2 were calculated using a thin-walled cylinder approximation relating pressure to stress scaled by wall 
thickness and initial radius (equation 1). ΔL1 and ΔL2 corresponding to σ1 and σ2 were determined from the sample 
stress-strain curve. R1 and R2 were calculated by equation 2. At least five specimens were tested for each compliance 
test. Compliance was measured as the change in radius relative to the initial radius over the change in pressure or 
stress at 0 and 5kPa for each specimen (equation 3).  
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where σ is circumferential stress, P is pressure and R1 and R2 are internal radii at pressure P1 and P2, respectively. 
The unit of compliance was expressed as percentage diameter change per kPa.  
 
 
Fig. 1. (a) Schematic of tensile test for a ring sample; (b) Ring sample made of electrospun polyurethane tube prepared for compliance test. 
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3. Results and Discussion 
The fabricated electrospun polyurethane tubes had a length of 20 mm and a nominal diameter of 8mm. A sample 
of electrospun polyurethane tube as well as SEM image of nanofibers with average fibre diameter of about 360 nm 
have been shown in fig. 2. 
 
 
Fig. 2. (a) A sample of electrospun polyurethane tube, 20mm in length and 8 mm in diameter; (b) Scanning electron microscope(SEM) image of 
electrospun polyurethane fibers produced at conditions 10%w/v concentration, 15kV voltage, 18 cm distance,0.5ml/h flow rate. 
The compliance testing is carried out on different samples. The results of compliance are shown in table 1. It can 
be found that the compliance of the samples decreases with increase in polymer concentration. Therefore, the sample 
S1 with the lowest wall thickness of 60 μm is more compliant in diameter, whereas the sample S4 with the largest 
wall thickness of 225 is the least compliant. This may be related to low wall thickness of sample S1 which makes this 
sample more flexible.  
When the polymer concentration is increased, there is a corresponding increase in the fiber diameter, Seeram et al. 
(2005). An increase in fiber diameter result in an increase in wall thickness of samples. This is apparent that wall 
thickness affect compliance of samples. It is reported that native common bile duct diameter increased less than 10% 
from 8.6 ± 0.4 mm at zero pressure to 9.3 ± 0.4 mm at 5 kPa, Duch et al. (2004). According to the equation 6 the 
compliance of the native common bile duct is calculated about 1.6. By comparing compliance of samples with the 
value of  common bile duct, one can see that the samples S1 was more compliant(> 1.6) , whereas the samples S2, S3, 
S4 had a compliance less than common bile duct. Therefore by controlling the thickness of the nanofibers, it is possible 
to reach the desired level of compliance of common bile duct. It can be concluded that sample 2 which was 
manufactured under conditions of concentration 8% w/v, applied voltage 1.0 kV, feed rate 0.5 ml/h and a tip-to-
collector distance 15 cm can be applied to yield the compliance of native common bile duct. 
4. Conclusion 
The purpose of this study was to manufacture electrospun Polyurethane tube as artificial common bile duct. 
Electrospun Polyurethane tubes with different electrospinning conditions were produced and mechanical responses of 
compliant of them were measured. The obtained results showed that wall thickness is the controlling factor of 
electrospun polyurethane tube compliance. Indeed, the increase of the wall thickness reduces the compliance of 
samples. In other words, by controlling the thickness of the nanofibers, it is possible to reach the desired level of 
compliance of common bile duct. 
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